The biomedical applications of Poly (e-caprolactone) (PCL) have an extensive usage area such as tissue engineering, regenerative medicine, cartilage defects and biomedical implants. Because of the PCL's high biocompatibility and excellent mechanical features some implants have been designed for getting remarkable results. Clinically approved fibers ranging from 500 nm to 750 nm were produced by electrospinning method. The mechanical properties of the fiber scaffolds were performed via tensile testing and results were measured by special programme. Five different fiber scaffolds which they produced in various compositions have been used for this research.
Introduction
ε-caprolactone(PCL) is known as an aliphatic polyester in the family of polymer materials. Poly(glycolide), poly(lactide) and their copolymers are investigated for using them in biomedical area and tissue engineering applications. The polymer material obsesses some crucial characteristics such as high strength, good durability, an ideal semi-crystalline morphology and low glass transition point. Undoubtedly, polymers can be biologically decomposed with an agreeable flow rate. Thus, awareness of choosing the right scaffolds is important and engaged with the biocompatibility of material and the proportion of degradation. The fabrication technique of electrospinning was used for getting the nonwoven PCLfibers. Obviously, to employ of electrospun nanofibrous mats provide to get remarkable unit material in the field of tissue engineering as wound bandaging [1] .
The tissue scaffolds which produced in private characteristics such as nonwoven structure and nanoporous shape could be measured by mechanical tensile-test methods. By experiencing the mechanical results within a changing composition of inlet material, a strong relation between the polymer concentration and the whole structure was culminated. The strength of nanofibers has been revealed to effect on cell proliferation and morphology [1] . Contrasting with the thickness factor, results showed that thinner mats could be handled in a low-concentration solution. The structure of mechanical strength of the scaffold material is really crucial in the formation of the new tissue for tissue regeneration.
Electrospinning technology is an advanced and suitable process for versatile solution cultivation, which provides to control the whole component from initial nanofibers to secondary structures smoothly [2, 3] . These hopeful developments regard to find out more effective scaffold designs in both regenerative medicine and biomedical applications. Some possible applications of these membranes include anti-adhesion membranes, filtration, wound dressing, and artificial blood vessels can be found in the literature [4, 5] . Polymer wires are generally interconnected with each other on the surface sections. They have some advantageous features such as nanoscale diameters, wide usage regions and structures that possess ideal porosity rates [6] [7] [8] . Electrospun nanofibers provide a controllable transport for drug delivery systems, with interconnections between the cell and other porous material, which looks like native self-assembly contact paradigms. This is a crucial point, because it is very difficult to adjust the controlling on the maintenance parts on material in a limited organization [9] . Formation of the fibers is many times difficult to realize with different polymers. At this moment, the following polymers were reported as polymers for electrospinning: poly(vinyl alcohol) (PVA) poly(ethylene oxide poly(vinyl pyrrolidone), poly(Llactide)-PLLA, poly(lactic-co-glycolic acid)-PLGA, poly(acrylonitrile)-PAN, poly(3hydroxybutyrate) and its co-polymers, poly(styrene-block-isoprene, polymethylmethacrylate-PMMA and its derivatives cellulose derivatives [9] and poly(e-caprolactone). Mechanical researches could also be sustained with these polymers [10] .
In this present study, PCL nanofibers were performed by controlling the whole structure parameters that had been produced by electrospinning method with different amount of PCL solution. Fiber diameters were a few hundred nano/micrometers.
Materials and Methods

Preparation of PCL fibers by Electrospinning
Polycaprolactone, average molecular weight (M w ) 80,000 g/mol, was obtained from Sigma-Aldrich and used without further treatment or purification. The materials with different ratios were compared with same conditions (temperature, same distance, humidity). Different percentages of 3, 5, 8, 10 and 20 wt.% PCL solutions were prepared. Polymers decomposed in DMF/Chloroform solution with a constant w/w 1:1 ratio. All of these solutions were stirred sufficiently at 80 0 C.
The process of electrospinning has started with following issues: First, transacting the solution into the plastic syringe (Labor-Teknik, Istanbul, Turkey) was fulfilled. Nanospinner 24 (NS 24, USA) electrospinning device ( Figure 1a ) was used to gain PCL fibers and a driver of the plastic syringe (New Era Pump Systems, Inc, NY, USA) was stabled at 0.5 mlh -1 for each single solution. Applied voltages were changed between 15 kV to 31.8 kV. For getting the right mechanical strengths and fabrication parameters, applied electrical voltage was standardized for optimization on 24.3 kV. Taylor cone has occurred at the voltage of 12.3 kV. The humidity of the internal process area was moored %44.6 ± 5 in all different PCL productions. A sketch of schematized versatile electrospinning diagram can be used for representing the nanofiber-covered area (Figure 1b) . Baking paper is used to cover fibers in experimental section. The whole process took 2 hours and 30 minutes to collect monolithic material (Figure 1c ). Average distance between the needle and collecting area was 12 ± 1 cm.
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Mechanical tests for PCL's engineering behavior
According to mechanical test literately, test samples were prepared with given dimensions (1 x 5 cm) [12] . The mechanical properties of the systematized rectangular test samples were shaped and eliminated from any impurities coming from the process. Elongation values and UTS (ultimate tensile strength) points were measured by Instron 4411 tensile test machine (Figure 2b ) with specific software (Bluehill 2, Elancourt, France). All of the materials have taken into the tensile test at a rate of 5 mm min -1 speed value at room temperature (23 0 C). Each polymer (with different material ratios) has 4 different test samples. The material thicknesses are also measured (0.01 mm to 0.18 mm) by a digital micrometer (795.1 MEXFL-25, Starrett, USA). After all set-up parameters concluded, mechanical tensile test results have been figured out. All test samples were mounted between the grips at the distance of 1 cm. To obtain UTS, the software calculates the maximum point at stress-strain curve in its elastic and plastic deformation region. Photographs of the some experimental set-up are revealed (Figure 2a ). Thus, making sense of the process progress and audit of the elements have been corrected and contrasted with other different works related on mechanical tests [10] . Stress-strain graphs were drawn by the software and eliminated the standard deviations. All of the average values has listed and reported as a contrasting graphic at upon lines. The exact working conditions while the experimental section were at stable room temperature and without any lash or dust. 
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Results and Discussion
PCL fibers were produced in both micron and nano scales by electrospinning. Polymer solution within the appropriate viscosity and density for electrospinning was used by dissolving PCL in DMF/Chloroform (1:1 w/w). The electrospinning test conditions were rehabilitated ( for each containing solution, applied voltage 24.3 kV, distance 12 cm and flow rate 0.5 ml h -1 ) in order to obtain continuous and qualified fibers. Thus, it provided to get excellent mechanical results during the test periods. Now, configuration between the PCL, fabrication technique and test parameters can be laid out easily. On the other hand, it is also important that fiber diameter states a direct impact on mechanical behaviors. Therefore, tensile strength increases with a decrease of fiber diameter. SEM images of PCL electrospun fibers, which collected on baking paper, are presented in Figure 3a . SEM results give a strong evidence to support the previous sentences. SEM images show no more particular orientation of the fibers. PCL fibers have gripped between two holders for determining their mechanical engineering characteristics. The values at different PCL ratios have never been experienced by previous researches [11, 12] . While material percentages increase, mechanical UTS values are getting higher. A uniform pattern can be seen both horizontally and vertically axis. Taylor cone occurred in a synced mood. The diameters of the fibers as measured and from the SEM images range from 150 to 700 nm (Figure 3b ). They are less than 1 µm. Therefore, it means more regular fiber-mats for the structure and acceptable mechanical properties.
Key Engineering Materials Vol. 696 The results of the different concentration of PCL, shown in Figure 4 , indicated that there is a significant difference between tensile strength results, which increase evidently with increasing amount of PCL. Similar research was also figured out by several researchers to fabricate PCL fiber scaffold to investigate of mechanical properties. For example, Croisier et al. reported that preparing PCL fiber scaffold (15 wt.% PCL) were produced using electrospinning method. They found that tensile testing eight different fiber scaffold was approximately 4500 and 3100 kPa [12] . Contrasting with %10 PCL and %8 PCL give solid information that related with crystal morphology. The elongation difference is coming from this reflection. Maximum UTS value is belong to 20 wt.% PCL material which is approximately 9315 kPa. 8 wt.% PCL's UTS value is 6678 kPa with 5,179 millimeter elongation. Initial dimensions were 1 cm and all of the samples has plastically deformed with collapsing and extending their lengths twice minimum (Figure 4 ). Addition of increasing proportions of PCL increased the ultimate tensile strength almost twofold.
Conclusions
Using the electrospinning method, different concentration of PCL fibers were produced. The mechanical properties were found to be dependent on concentration of PCL. This attractive observation could be of significance to the design of PCL fiber scaffolds. Optimum electrospinning parameters could be found to produce PCL fibers with the desired mechanical testing for numerous biomedical engineering scaffolds.
